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aviolet range, 

JlMARY OF THE INVENTION 
f This indention relates 10 the determination of reflec- 
lance from a maienal and particularly to the determina- 
tion of absolute reflectance independent of losses in an 
associated optical system. 

Some materials are transparent with very little inci- 
dent energy being reflected from the surface and some 
materials are opaque and absorb nearly all incident 
energy and reflect very little. In many materials the 
"ra'tio of incident energy 10 reflected energy, orjrcgec- 
^anc^Jv'anes according to the wavelength of ihe J inci- 
• dent radiation. For example, silicon as used in electronic 
microcircuits is transparent to infrared wavelengths, 
translucent between about one micron and infrared, and ^ 
opaque to ultraviolet radiation. 

It is often necessary to determine the energy absorp- 
tion of some material with unknown chemical contents. 
An accurate value for absorption can easily be com- 
puted from a knowledge of the absolute reflectance 
from the unknown material since the incident energy 25 
can only be divided into absorption and reflectance. But 
a value for absolute reflectance is not readily obtainable 
since any measured value of reflectance at some prede- 
termined wavelength is contaminated by losses contrib- 
uted by the system optics, such as absorption of lenses, 
illumination sources, beamsplitters, gratings, detectors, 
etc.. all of which also vary with wavelengths. 

The object of this invention is to determine the abso- 
lute reflectance value of a test material at a desired 
wavelength, from a measured value of reflectance. 

riefly described, the method involves the steps of 
meaWing the reflectance of ajknown material, such as] 

hiqh\ref lectance (thus, high signal-to-noise) , specular 
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refer^pce material with stable reflectivity over a long 
term anSj with well known optical constants, such as 
singleTFy st al silicon fbr aluminum specimerj. at the de- 
sired wavelength, computing the value of absolute re- 
flectance from tr^e ind~e,X^Of refraction and absorption data available injmyriads of] 

[by] lntO^ ine 



handbooks, and thenNjividihg Ifee^absolute value[__ 
measured value to derive a pr^cJuct[of all optical system 

coefficients] which is\the system efficien cy coefficient. va , uc of lhc coefficients stored. An 

unknown material is thenMested with the same un- 
changed optical system and aiahe same wavelength to *5 
obtain a measured reflectance varue which, whenunulti- 
pliedj d i V ided by the stored coefficient, yields the absolute re- 
flectance value of the unknown matenaj. 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings which illustrate the preferred em- 
bodiment of the invention: 

FIG- 1 is a schematic drawing illustrating a reflective 
microscope and detector processing apparatus for ultra- 
violet examinations; and 

FIG. 2 illustrate the steps for determining absolute 
reflectance of an unknown material. 

DETAILED DESCRIPTION 
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chromatic aberrations or 




with known output energy, such as a deuterium dis- 
charge tube, with output beam condensed by a small ins 
12 ts reflected from a planar quanz beam spline: 14 into 
a reflective objective lens 16 v>hich focuses the LA' 
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beam on;o 3 spcjirr.cn IS The :rr.j;; from the specimen 
18 ts magnified b> the reflective objective and. after 
passing through (he p'.ar.ar qua::: beam splitter 14; is 
focused into a mcnochronjior 20 where the imace 

5 beam is passed through a narrow slit to isolate a narrow 
band of wavelengths before detection 

The detected image beam, after being convened bv 
an analog-to-dtgital converter 22. ts applied to a com- 
puter 24 having a memor> 26 and an input-output de- 

10 vice 28. such as a ke>board terminal 

When the microscope system of Fl.G. 1 is used for 
measuring reflectances, al! optica! elements such as the 
beam splitter 14. the several reflexive surfaces of the 
objective lens 16 and the internal optical elements in the 

15 mqnochromator 20. absorb energ> from the incident 

- radiating beam of the source 10 Further, the absorbed 
energy varies with variations in the incident wave- 
length. 

A value of reflectance can easily be measured with 
20 the microscope svstem. but that is i measured reflec- 
tance. mR. which has little. value since it includes the 
unknown system losses resulting from the energy ab- 
sorption of the optical elements. The type of reflectance 
of value is the absolute reflectance. aR. the ratio of 
25 reflected energy to incident energy, independent of 
system losses. 

Absolute reflectance of an unknow-n material can be 
angJmnwv th«- vain 
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wavelength. With this data, the system losses, or svstem 
efficiency coefficient. ZX. at wavelength X, is computed 
by merely dividing the measured value by the absolute 
value of reflectance. Many reference books list tables of 
refractive indc* and absorption of various materials at 
various frequencies] wa velengths and many also list the values of 
absolute renectaYfce aVva'rfous wavelengths. Thus, ab- 
solute reflectance values. aR. are available or calculable 
for Several pure materials, such as single crystal silicon. 

With knowledge of an absolute reflectance value. aR. 
of a particular pure material at some known wavelength 
K the system efficiency coefficient. ZX at that wave- 
length, is determined by measunng the measured reflec- 
tance. mR. and [divide! dividing by aR: 

n\ 1731 ~ 

To determine the absolute reflectance. aR*. of a ma- 
terial, x. measure thejmeasujrcd] reflectance. rnRx.of that 
unknown material,' 1 *, at STie* same waveleneth. X. and 
50 with the same optical system, and faultily] d j v ide thc resuhs 
by the system efficiency coefficient. ZX. l7 j \^ 

|a^^ = m^^z\)"] a Rx = mRx/ZX o 

55 The determination of absolute reflectance can readily 
be performed by the computer system illustrated in 
FIG. 1. The value aR of the kno^n material at the 
predetermined waveiength is entered through the key- 
board 28 into the computer 24 which is programmed to 
perform the simpie div isior.(arid rT.uitipiicaiionUhaw n in 
Equations (1) and il) ao'c^e The *- ai-je. aR :s sibr^d m 
the memorv 26 The ref.ectar.ee. -R :s then measured 
I of the known material 18 on the -:c:oscope stag; and 
the detected value :s stored :r.:c the rr.rmcrv 26 The 
65 computer 24 ther. performs Ec*-a::;r. - ar.d stores the 
efTicienc> coefficient. ZX .r. rr.?rr.cr> Without making 
an> changes ;n the ?r.e:;> sourer :r the :p::cai s> stern, 
the kr.ow- materta: IS :s : r r ■ 3 : r c ^ . : h the ^r. known 
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